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DESIGN METHOD FOR FOUR-REFLECTOR TYPE 
BEAM WAVEGUIDE PEED SYSTEMS 
S .  B e t s u d a n ,  T .  Katag i  and S.  Urasak i  
A b s t r a c t  This article discusses a method for the design of four-reflector type 
beam waveguide feed systems, comprised of a conical horn and 4 focused reflectors, which 
are used widely as the primary reflector systems for communications satellite earth 
station antennas. The design parameters for these systems are clarified, the relations 
between each of the parameter are brought out based upon the beam mode development 131, 
and the independent design parameters are specified. The Characteristics of these 
systems, namely spi I lover loss,  crosspolarization components, and frequency 
characteristics, and their relation to the design parameters, are also shown. It is 
also indicated that design parameters which decide the dimensions of the conical horn or 
the shape of the focused ref lectors can be unerringly established once the design 
standard for the system has been selected as either ( 1 )  minimizing the crosspolarization 
component by keeping the spillover loss to within acceptable limits or ( 1 1 )  minimizing 
the spillover loss by mqintaining the crossover components below an acceptable level and 
the independent design parameters, such as the respective sizes of the focused 
reflectors and the distances between the focused reflectors, etc., have been established 
according to mechanical restrictions. A sample design is also shown. In additlon to 
being able to clarify the effects of each of the design parameters on the system and 
improving insight into these systems, the efficiency of these systems will also be 
increased w i th th is des i gn method. 
1 .  P r e f a c e  
Beam waveguide feed  s y s t e m s ,  compr i sed  of  a c o n i c a l  ho rn  and 
s e v e r a l  f o c u s e d  r e f l e c t o r s ,  a r e  w i d e l y  u s e d  as t h e  p r i m a r y  
r e f l e c t o r  s y s t e m s  o f  l a r g e  d i a m e t e r  a n t e n n a s ,  s u c h  a s  
c o m m u n i c a t i o n s  s a t e l l i t e  e a r t h  s t a t i o n  a n t e n n a s  o r  r a d i o  
t e l e s c o p e s  [ 1 ] , [ 2 ] .  Radio waves which have been  c o l l e c t e d  by t h e  
m a i n  a n d  s u b - r e f l e c t o r s  c a n  b e  t r a n s m i t t e d  t o  a c o n i c a l  h o r n  
w h i c h  i s  f i x e d  on t h e  e a r t h  t h r o u g h  t h e s e  beam w a v e g u i d e  f e e d  
s y s t e m s .  B e c a u s e  o f  t h i s ,  e a s e  o f  m a i n t e n a n c e  a n d  a p p l i c a t i o n  
a re  p r o v i d e d  s i n c e  t h e  b r a n c h i n g  f e e d  d e v i c e s ,  t r a n s m i t t e r s ,  and 
r e c e i v e r s  c o n n e c t e d  t o  t h e  c o n i c a l  h o r n  c a n  a l s o  a l l  b e  
* Numbers i n  t h e  margin  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
/ 6 2 2 *  
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established on the ground. 
A design method using beam mode development has already been 
reported as a method for the design of these beam waveguide feed 
systems [ 3 ] .  In this article, that method is applied to the 
design of four-reflector type beam waveguide feed systems which 
are being widely used as antennas for satellite communication 
earth stations. First, the design parameters and their relation 
to each other will be explored, and the independent design 
parameters will be clarified. Then, the relation between the 
design parameters and spillover loss, crosspolarization 
components and frequency characteristics in the beam waveguide 
feed system will be shown. It will be shown therein that 
crosspolarization and spillover loss can be minimized by 
establishing the independent design parameters, such as the 
respective sizes of the focused reflectors or the distances 
between each of the focused reflectors, according to mechanical 
restrictions. 
2. 
2.1 
Design system for four-reflector beam waveguide feed systems 
Essential properties and design parameters 
Beam waveguide feed systems are used widely in satellite 
communications earth station antennas, etc. The following 
conditions must be fulfilled in these feed systems. 
( 1 )  In fully directional antennas which perform both 
azimuth ( A a )  and elevation ( E l )  rotation, the feed horn and 
branch feed devices, transmitters and receivers connected to it 
must be constructed so that they can be positioned where they 
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will not be subject to the Az-EI rotations. 
(2) The radio waves collected by the main and sub- 
reflectors must be transmitted to a stationary feed horn with low 
loss. 
( 3 )  The crosspolarized component developed by this beam 
waveguide feed system must retain a great deal of polarization 
discrimination when used in conjunction with orthogonal bipolar 
waves. 
( 4 )  Frequency fluctuations in gain and crosspolarization 
levels must be minimal across all transmitting and receiving 
bands. 
(5) When the objective of the system, such as a satellite, 
is tracked by a higher mode monopulse system, tracking 
performance must not be lost due to the development of 
unnecessary higher modes by this feed system. 
From these conditions, four-reflector beam waveguide feed 
systems which are comprised of 4 focused reflectors and a conical 
horn, as shown in Figure 1 ,  are in wide use. In these feed 
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systems, the fourth focused 
reflector is subject to A, and Et 
rotation together with the main 
and sub-reflectors, while the 
first through third focused 
reflectors are constructed for 
only A ,  rotation, so that the 
central axis of the beam of 
incident waves radiated into each 
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of the focused reflectors is perpendicular to the central axis of 
the beam subsequently reflected from each focused reflector. 
The fourth and third focused reflectors face each other with the 
El axis as their central axis, while the first focused reflector 
faces the conical horn, which is positioned with the A ,  axis as 
its central axis. The feed horn and feed equipment are stationed 
on the ground, with the space between the feed horn and the first 
focused reflector fulfilling the role of a rotary joint for A ,  
rotation and the space between the third and fourth focused 
reflectors likewise becoming a rotary joint for El rotation. 
Consequently, the radiation pattern of the horn must be made 
radially symmetrical along the A ,  axis and the fourth focused 
reflector must be flat since the radiation properties of the 
antenna are unchanged by the A,-E1 rotation. 
The design parameters for these feed systems are, as shown 
in Figure 2, the aperture diameter and length of the feed horn, 
D o ,  Ro, the aperture diameter of each of the focused reflectors, 
Subref lector  + O5 D 1 ,  D2, D3, D4, the distance 
between the center points of each 
of the focused reflectors, d o ,  
d l ,  d2, d3, d4, the focal gaps 
when the focused reflectors are 
replaced with lenses [ 5 ] ,  f l ,  f2, 
f3, and the aperture diameter of 
the sub-reflector, D5. The 
subscripted numeral i, i.e. Di, 
di, fi, corresponds to the respective numbers of the focused 
4 
r e f l e c t o r s .  
The a p e r t u r e  d i a m e t e r  o f  t h e  s u b - r e f l e c t o r ,  D5, h e r e i n ,  i s  
e s t a b l i s h e d  a c c o r d i n g  t o  t h e  a p e r t u r e  d i a m e t e r  o f  t h e  m a i n  
r e f l e c t o r  t o  o p t i m i z e  t h e  r a d i a t i o n  c h a r a c t e r i s t i c s  o f  t h e  
a n t e n n a ,  a d i a m e t e r  o f  1/10 t h a t  o f  t h e  main r e f l e c t o r  n o r m a l l y  
b e i n g  s e l e c t e d  [ 6 ] .  A l s o .  t h e  minimum v a l u e  w h i c h  c a n  b e  
r e a l i z e d  f o r  d 4  i s  d e t e r m i n e d  by t h e  m e c h a n i c a l  d e s i g n  o f  t h e  
main and s u b - r e f l e c t o r s .  The minimum p r a c t i c a l  v a l u e  f o r  d 2  i s  
a l s o  d e t e r m i n e d  f rom t h e  mechan ica l  d e s i g n  f o r  E1 r o t a t i o n ,  s u c h  
as g e a r s ,  e t c .  The minimum v a l u e s  f o r  dl a n d  d 3  a r e  d e t e r m i n e d  
s o  t h a t  t h e  beam r e f l e c t e d  f rom each  o f  t h e  f o c u s e d  r e f l e c t o r s  i s  
n o t  b l o c k e d  b y  o n e  o f  t h e  o t h e r  f o c u s e d  r e f l e c t o r s .  D3, D2, and  
D1 are  p r e f e r a b l y  l a r g e  f rom a n  e l e c t r i c a l  a s p e c t ,  but i n  o r d e r  
t o  k e e p  t h e i r  o v e r a l l  mechanica l  s i z e  t o  w i t h i n  d e s i r e d  l i m i t s ,  
a n  u p p e r  l i m i t  is e s t a b l i s h e d .  A l s o ,  f rom t h e  minimum b l o c k i n g  
c o n d i t i o n s  f o r  C a s s e g r a i n  a n t e n n a s  b], D4&~5. Consequen t ly ,  t h e  
o n l y  d e s i g n  p a r a m e t e r s  which can be chosen  w i t h  r e l a t i v e  f reedom 
are t h e  f o c a l  gaps  f i  and t h e  d i m e n s i o n s  o f  t h e  f e e d  h o r n  DO, Ro. 
From t h e  a b o v e  c o n d i t i o n s ,  t h e  f o l l o w i n g  a r e  d e s i g n  g o a l s  
f o r  beam waveguide f e e d  sys t ems .  
( a )  To m i n i m i z e  s p i l l o v e r  l o s s  f r o m  e a c h  o f  t h e  f o c u s e d  
r e f l e c t o r s .  
( b )  To m i n i m i z e  t h e  c r o s s p o l a r i z e d  c o m p o n e n t  a t  t h e  s u b -  
r e f l e c t o r .  
( c )  T O  r e d u c e  f r e q u e n c y  f l u c t u a t i o n s  i n  t h e  e l e c t r i c a l  
f i e l d  d i s t r i b u t i o n  a t  t h e  s u b - r e f l e c t o r .  
I n  t h i s  a r t i c l e ,  D5, D 4 ,  D3, D2, a n d  D1 a n d  d 4 ,  d3, d 2 ,  dl, 
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a n d  d o  w i l l  b e  g i v e n ,  w h i l e  t h e  m e a n s  f o r  u n m i s t a k e n l y  
e s t a b l i s h i n g  t h e  r e m a i n i n g  p a r a m e t e r s ,  f 4 ,  f 2 ,  and f 3  and DO and 
R o ,  f r o m  t h e  above-mentioned e l e c t r i c a l  c h a r a c t e r i s t i c s  w i l l  b e  
shown .  I f ,  as a r e s u l t ,  t h e  d e s i r e d  c h a r a c t e r i s t i c s  a r e  n o t  
o b t a i n e d ,  i t  w i l l  be  n e c e s s a r y  t o  c h a n g e  t h e  v a l u e s  f o r  t h e  
p a r a m e t e r s  g i v e n  above and r e p e a t  t h e  method of  t h i s  a r t i c l e .  
2 . 2  The beam mode between two r e f l e c t o r s  --- -
The s p a c e  b e t w e e n  t h e  t w o  r e f l e c t o r s ,  # 1  a n d  # 2 ,  s h o w n  i n  
F i g u r e  3 ,  c a n  be  c o n s i d e r e d  as on ly  p r o p a g a t i n g  a dominant  beam 
. mode. 
F i r s t ,  t h e  c o n s t a n t s  of  t h e  beam r a d i i , G , 2  a n d  R 2 ,  on  t h e  / 6 2 4  
s e c o n d  r e f l e c t o r  s u r f a c e ,  w h i c h  
i s  s e p a r a t e d  f r o m  t h e  f i r s t  pF:;J-q ____-- - -  WI R'I 9 - - - - - -  0 2 8  R2 
\ 
I r e f l e c t o r  by  a d i s t a n c e  o f  o n l y  
f i e f l e c t o r  # I  K, v I 
\ 
\ /Ref lector nz d l ,  a r e  d e r i v e d  when t h e  r a d i u s  
m3 2erro~i~a 
fi p. 3 - Tm ref I ec t o rs . o f t h e  beam o n  t h e  r e f l e c t e d  s i d e  
o f  t h e  f i r s t  r e f l e c t o r  s u r f a c e , G , 1 ,  a n d  t h e  c u r v e  r a d i u s  o f  t h e  
wave p l a n e ,  R t l ,  a re  g i v e n .  H e r e i n a f t e r ,  i t e m s  d e n o t e d  w i t h  a 
" I' a r e  p a r a m e t e r  o f  t h e  r e f l e c t e d  s i d e .  
The f o l l o w i n g  r e l a t i o n s  become t r u e  when t h e  beam r a d i u s  o f  
t h e  beam w a s t e  i s 6 0  a n d  t h e  d i s t a n c e s  f r o m t h e b e a m  w a s t e  t o t h e  
The f o l l o w i n g  f o r m u l a e  a r e  o b t a i n e d  from t h e s e  r e l a t i o n s .  
1 (4 I u t = = " ; + - (  l d  l + v : ' )  X 4  
Next ,  t h e  beam mode c o n s t a n t  
when t h e  beam r a d i i  on t h e  t w o  r e f l e c t o r s ,  GJ 1 a n d h 2 ,  h a v e  b e e n  
p r o v i d e d  is d e f i n e d  and t h e  f o l l o w i n g  f o r m u l a  i s  o b t a i n e d  u s i n g  
t h e  r e s u l t s  o f  f o r m u l a  ( 4 ) .  
v ; = - ~ u l + e l f i  ( c 1 = L 1 )  
o a  
C o n s e q u e n t l y ,  i t  b e c o m e s  n e c e s s a r y  f o r h l  t o  f u l f i l l  t h e  
f o l l o w i n g  c o n d i t i o n .  
U l 2 l  (71 
According  t o  f o r m u l a  ( 6 ) ,  two ( 2 )  t y p e s  o f  beam modes e x i s t  
i n  which & I ,  b 2  and dl are t h e  same. Now, f rom t h e  r e l a t i o n  
8 1 ~ ~ U ; ~ L U ~  0 st x o a  1 
0 1  . 1 (++c) '8) 
is  r e p r e s e n t e d  as f o l l o w s .  
2.3 R e l a t i o n s  between beam mode p a r a m e t e r s  
When t h e  beam r a d i i ,  6,, a r e  p r o v i d e d  f o r  e a c h  o f  t h e  
r e f l e c t o r s ,  t h e  f o l l o w i n g  r e l a t i o n  e x i s t s  be tween  t h e  f o c a l  g a p s ,  
f,, o f  e a c h  of t h e  r e f l e c t o r s  [ 5 ]  a n d  t h e  beam mode p a r a m e t e r s ,  
u s i n g  t h e  r e s u l t s  f rom s e c t i o n  2.2. 
--
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Where in ,  Rn and R', r e p r e s e n t  c u r v e  r a d i i  o f  t h e  wave p l a n e s  
of  t h e  i n c i d e n t  s i d e  a n d  r e f l e c t e d  s i d e  o f  e a c h  r e f l e c t o r ,  
r e s p e c t i v e l y ,  as t h e  e l e c t r i c a l  wave a d v a n c e  f r o m  t h e  c o n i c a l  
h o r n  t o w a r d  t h e  s u b - r e f l e c t o r ,  t h i s  b e i n g  a p o s i t i v e  v a l u e  when 
t h e  w a v e  p l a n e  i s  c o n v e x  i n  r e l a t i o n  t o  i t s  d i r e c t i o n  o f  
p r o g r e s s ,  and a n e g a t i v e  v a l u e  when t h e  wave p l a n e  is  concave i n  
r e l a t i o n  t o  i t s  d i r e c t i o n  o f  p r o g r e s s .  
When t h e  c o n i c a l  h o r n  i s  a C o l g a t e  h o r n ,  p o s s e s s i n g  a 
r a d i a l l y  s y m m e t r i c a l  r a d i a t i o n  p a t t e r n ,  V I  a n d  61 p o s s e s s  t h e  
f o l l o w i n g  r e l a t i o n  t o  t h e  p a r a m e t e r s  of  t h e  conical horn ,  d o ,  DO, 
and Ro. 
W h e r e i n ,  G o  i s  1.5539 when t h e  c o n i c a l  h o r n  i s  a C o l g a t e  
h o r n  [ 3 ] .  
A c c o r d i n g  t o  f o r m u l a  ( l o ) ,  t h e  f o l l o w i n g  r e l a t i o n  e x i s t s  
a 
is t rue ,  and b 5 ,  d 3 ,  and d 5  are  g i v e n ,  
i s  t r u e -  
A c c o r d i n g  t o  t h e  f o l l o w i n g  r e s u l t s ,  t h e  i n d e p e n d e n t  
p a r a m e t e r s  which d e t e r m i n e  t h e  beam mode a r e  d o ,  dl, d2, d 3 ,  a49 
v 1 ,  c1, b 2 ,  @ 3 ,  b 5  ( o r  ” 4 ) ,  and  & I ,  &2,  €3* N o w ,  a c c o r d i n g  t o  
f o r m u l a  ( l l ) ,  Do and R o  may be s e l e c t e d  i n  p l a c e  of v i  a n d h i -  
\ 
2.4 S p i l l o v e r  -- l o s s  and d e s i g n  p a r a m e t e r s  
When t h e  e d g e  l e v e l  o f  e a c h  o f  t h e  r e f l e c t o r s  i s  
-I’n(dB)(Ln>O) and t h e  beam r a d i i  a t  each r e f l e c t o r  s u r f a c e  is&,, 
t h e  f o l l o w i n g  r e l a t i o n  e x i s t s  between t h e s e  v a l u e s .  
“ 2  = O , J 2 0 ; y  U4 
W h e r e i n ,  D n  i s  t h e  a p e r t u r e  d i a m e t e r  o f  t h e  r e s p e c t i v e  
r e f l e c t o r  and e=2.718.  
From f o r m u l a  ( 7 )  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  f o l l o w i n g  
r e l a t i o n  m u s t  b e  t r u e  b e t w e e n  t h e  b e a m  r a d i i  o f  a d j a c e n t  
r e f l e c t o r s .  
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U s i n g  f o r m u l a e  ( 1 4 )  and  ( 1 5 ) ,  t h e  c o n d i t i o n s  b e t w e e n  t h e  
edge  l e v e l s  o f  e a c h  r e f l e c t o r  a r e  d e t e r m i n e d  and  t h e  f o l l o w i n g  
becomes t r u e .  
L,. L., s~f,.. 1 
I n  a d d i t i o n ,  t h e  f o l l o w i n g  r e l a t i o n  e x i s t s  be tween  t h e  edge 
l e v e l  and t h e  s p i l l o v e r  l o s s ,  APn, 
C o n s e q u e n t l y ,  a c c o r d i n g  t o  f o r m u l a e  ( 1 6 )  a n d  ( 1 7 ) ,  a 
p r a c t i c a l  and p o s s i b l e  minimum s p i l l o v e r  l o s s  amount i s  d e r i v e d  
when a n  u p p e r  l i m i t  i s  d e t e r m i n e d  f o r  t h e  r e f l e c t o r  a p e r t u r e  
d i a m e t e r s  and  t h e i r  i n t e r v e n i n g  g a p s .  S p i l l o v e r  l o s s  t h u s  
d e c r e a s e s  as t h e  r e f l e c t o r  a p e r t u r e  d i a m e t e r s  become l a r g e r  and 
t h e i r  i n t e r v e n i n g  s p a c e s  become s m a l l e r .  A l s o ,  when t h e  maximum 
I .o 
) ... 
\ 
\\ 
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Fig.4-Relation between edge level and spillover 
loss. 
a l l o w a b l e  amoun t  o f  s p i l l o v e r  
l o s s  i s  p r o v i d e d ,  t h e  a c c e p t a b l e  
e d g e  l e v e l  r a n g e ,  a n d  
c o n s e q u e n t l y ,  t h e  r a n g e  f o r h n '  
can  be de t e rmined .  
The r e l a t i o n  be tween h P n  and 
L~ i s  s h o w n  i n  F i g u r e  4 .  
Accord ing  t o  f o r m u l a  ( 7 ) ,  when Ln 
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is sufficiently larger than 2010ge, the spillover loss ( d ~ )  of 
the higher beam mode is approximately 2t: times that Of the 
dominant beam mode. Consequently, in systems in which the 
satellite is tracked by a higher mode monopulse system, it is 
necessary to determine the edge level, taking into consideration 
loss in the higher beam mode used for error signal detection in 
automatic tracking. 
2.5 Crosspolarization component at the sub-reflector --
From formula (30) in the referenced material [ 3 ] ,  the sum of 
the crosspolarization component which has developed through the 
four focused reflectors and up to the sub-reflector is as 
follows. 
Wherein, C is the electrical field ratio of the maximum 
value for the crosspolarization component and the maximum value 
for the principle polarization component at the sub-reflector 
position. 
since '1 and e 2  are values within [ 0 , 7 f ] ,  as is clear 
from the above formula, a system in which absolutely no 
crosspolarized waves are developed cannot be constructed only 
from concave reflectors (fn>O)* Consequently, a system in which 
absolutely no crosspolarization is developed by containing not 
only concave reflectors, but convex reflectors as well, can be 
realized by providing a two of the beam mode parameters shown in 
1 1  
section 2.3 with different parameter functions. 
U l S  
x u ;  -01 
01 
u ,  - u;  = ( e l  fi+ e,- ) s 
+($+$) - ( e 1 4 q 7 + e * G )  
By substituting formula (IO) for the crosspolarization 
> 
elimination condition C = O ,  
namely, 
becomes true. When 
v : = - * u l + V  
Y 
(24 
12 
a n d b l  and R1 are derived as functions of the other parameters. 
of the Colgate horn which is being The parameters, DO and RO' 
applied here can also be derived from formula (11). 
Consequently, given the values for do, d i ,  d 2 ,  d 3 ,  d 4 1 L 3 3 '  
4 ,  62, €3, and the frequency, the values for Do and Ro when the 
value for W 2  fluctuates can be determined. Incidentally, "4 can 
be given in place of 0 5 .  
However, there are instances in which the value for Ro which 
is derived by the above sort of method is either extremely large 
or extremely small, making it an impractical dimension. In this 
case, it becomes necessary to find a system which minimizes the 
value for C in formula (18). This results in one of the 
parameters being derived as the function of another parameter. 
2.6 Fre uenc characteristics of the electrical field 
The wide band design condition [3],[ ' , ]  which stabilizes the 
beam radius and the curve radius of the incidence wave plane 
against the frequency on the sub-reflector using a single feed 
horn is the matching of the feed horn image with the position of 
the sub-reflector through the reflector system. 
-ais$-r;i3Egi oE--.--T~z-Fu3----Te cycr --- ---------- ----- 
--- 
In the case of a four-reflector beam waveguide feed system, 
when the distance between the image on the sub-reflector and the 
Wherein, 
d ; / d , - I  
becomes the wide band design condition. 
2.7 Selection - of design parameters 
According to the items explained above, it would be 
appropriate to select the following as the design parameters for 
a four-reflector beam waveguide feed system. 
wavelength : 1  
parameters which determine 
the exterior shape of the 
system 
: D 1 ,  D2, D3, D4, D5, 
do, dl, d2, d3, d4 
primary radiator parameters: Do (or aperture angle, 2g$3), 
RO 
beam mode parameters : h2, G 3 , 6 5 ,  E l ,  62, e3 
By selecting parameters in this way, the spillover loss of 
the system car; easily be determifled using formula (17). The 
focal gaps of the focused reflectors can also be derived usicg 
formula ( l o ) ,  the amount of crosspolarization developed can be 
shown by formula (18) ,  and the frequency characteristics can be 
shown by formula (26). 
3 -  Design criteria and a sample design 
3.1 Design criteria 
-- 
W h e n  attention i s  paid t o  s p i l l o v e r  loss and 
crosspolarization, the targets of design, the following design 
criteria are considered in the determination of the beam mode 
parameters. 
14 
( I )  The m i n i m i z a t i o n  o f  c r o s s p o l a r i z a t i o n  component t h r o u g h  
t h e  ma in tenance  o f  s p i l l o v e r  l o s s  w i t h i n  a l l o w a b l e  v a l u e s .  
(11) The m i n i m i z a t i o n  o f  s p i l l o v e r  l o s s  t h r  
ma in tenance  o f  c r o s s p o l a r i z a t i o n  component a t  below a n  
v a l u e .  
When t h e  e x t e r i o r  shape  and t h e  wave leng th  o f  t h e  
d e t e r m i n e d  t h r o u g h  t h e  r e l a t i o n  i n  f o r m u l a  ( 1 6 ) ,  t h e r e  
l i m i t  t o  t h e  a m o u n t  o f  s p i l l o v e r  l o s s  w h i c h  c a n  b e  
However, when l i m i t s  are n o t  p l aced  on s p i l l o v e r  l o s s ,  
) u g h  t h e  1 6 2 7  
a l l o w a b l e  
s y s t e m  is  
s a l o w e r  
r e a l i z e d .  
t h e  l o w e r  
l i m i t  f o r  c r o s s p o l a r i z a t i o n  component is 0,  as is  u n d e r s t o o d  f rom 
t h e  r e s u l t s  o f  s e c t i o n  2 . 4  a n d  f r o m  t h e  f a c t  t h a t  
c r o s s p o l a r i z a t i o n  d o e s  n o t  d e v e l o p  when a l l  o f  t h e  f o c u s e d  
r e f l e c t o r s  are f l a t .  
The r e l a t i o n  shown i n  f o r m u l a  (15)  e x i s t s  be tween  t h e  beam 
r a d i i ,  6, and 6 -  on a d j a c e n t  r e f l e c t o r s  and when t h e  s p i l l o v e r  n-1 ' 
l o s s ,  APn, namely,  Ln,  f o r  t h i s  s e c t i o n  is g i v e n ,  ths upper  limit 
f o r  Gn is d e t e r m i n e d  t h r o u g h  f o r m u l a  ( 1 4 )  and  t h e  r a n g e  f o r  b n  
becomes t h e  f o l l o w i n g .  
1 r rn 
Normal ly ,  t h e  d i s t a n c e  be tween t h e  t h i r d  f o c u s e d  r e f l e c t o r  
and  t h e  s u b - r e f l e c t o r  ( d 3 + d 4 )  i s  l o n g ,  t h e  d i s t a n c e  b e t w e e n  t h e  
second and t h i r d  f o c u s e d  r e f l e c t o r s  ( d 2 )  i s  r e l a t i v e l y  s h o r t ,  and 
t h e  d i s t a n c e  be tween t h e  f i r s t  a n d  second f o c u s e d  r e f l e c t o r s  ( d l 1  
i s  e v e n  s h o r t e r .  I n  o r d e r  t o  m i n i m i z e  t h e  a m o u n t  o f  
c r o s s p o l a r i z a t i o n  b e t w e e n  t h e  f i r s t  a n d  s e c o n d  f o c u s e d  
r e f l e c t o r s ,  i t  i s  n e c e s s a r y  t h a t  t h e  c u r v e  r a d i u s  o f  t h e  wave  
p l a n e  on t h e  r e f l e c t o r s  i s  g r e a t ,  i n  w h i c h  c a s e ,  B 1 = E 2 = 1 ,  f r o m  
t h e  r e s u l t s  o f  f o r m u l a  ( 6 ) .  N e x t ,  i t  w o u l d  b e  a p p r o p r i a t e  t o  
make 83=-l i n  o r d e r  t o  l o w e r  t h e  amount o f  s p i l l o v e r  u n d e r n e a t h  
t h e  l i m i t e d  a p e r t u r e  d i a m e t e r  of t h e  s u b - r e f l e c t o r ,  t h u s  c r e a t i n g  
a n e g a t i v e  c u r v e  r a d i u s  i n  t h e  r e f l e c t e d  wave  a t  t h e  t h i r d  
f o c u s e d  r e f l e c t o r .  I n  t h i s  c a s e ,  t h e  s p i l l o v e r  l o s s  i n  t h e  
t r a n s m i s s i o n  b e t w e e n  t h e  s e c o n d  a n d  t h i r d  f o c u s e d  r e f l e c t o r s  
i n c r e a s e s ,  m a k i n g  i t  n e c e s s a r y  t o  make t h e  e d g e  l e v e l s  o f  t h e s e  
t w o  f o c u s e d  r e f l e c t o r s  e q u a l  t h r o u g h  f o r m u l a  ( 1 6 )  i n  o r d e r  t o  
m i n i m i z e  t h i s  s p i l l o v e r  l o s s .  Namely ,  i t  i s  n e c e s s a r y  t h a t  
Lz=L?,  o r  t h a t  62/”3=D2/D3. 
A l s o ,  t h e  d e s i g n  P a r a m e t e r s  a n d  61 a r e  a u t o m a t i c a l l y  
d e t e r m i n e d  when t h e  f i r s t  focused  r e f l e c t o r  is  a f l a t  r e f l e c t o r .  
When t h e  beam r a d i u s  a t  t h e  s u b - r e f l e c t o r , b 5 ,  i s  s e l e c t e d  
w i t h i n  a n  a l l o w a b l e  r a n g e  from t h e  d e s i g n  c o n d i t i o n s  o f  t h e  main- 
s u b - r e f l e c t o r  s y s t e m ,  t h e  upper  and l o w e r  l i m i t s  f o r  & 2 , ~ 2 ( !  k 7  2 
are  d e t e r m i n e d  t h r o u g h  f o r m u l a  ( 2 7 )  a c c o r d i n g  t o  t h e  a l l o w a b l e  
s p i l l o v e r  l o s s  i n  t h e  second and  t h i r d  f o c u s e d  r e f l e c t o r s .  When 
t h i s b 3  (62) i s  c a u s e d  t o  f l u c t u a t e  w i t h i n  t h e  a l l o w a b l e  r a n g e ,  
t h e  s p i l l o v e r  l o s s  i n c r e a s e s  r e g u l a r l y  w i t h  i n c r e a s e s  i n  b 3 ,  b u t  
w h e t h e r  c r o s s p o l a r i z a t i o n  i n c r e a s e s  o r  decreases  r e g u l a r l y ,  t h e  
amount o f  f l u c t u a t i o n  i n  e i t h e r  case is e x t r e m e l y  small. 
3 .2  Sample d e s i g n  
A c a s e  i n  w h i c h  t h e  v a l u e s  s h o w n  i n  T a b l e  1 a r e  g i v e n ,  b a s e d  
on t h e  t h i n k i n g  i n  s e c t i o n  2.1, as t h e  p a r a m e t e r s  which d e t e r m i n e  
t h e  e x t e r i o r  s h a p e  o f  t h e  s y s t e m ,  i . e .  t h e  s i z e  o f  e a c h  o f  t h e  
16  
f o c u s e d  r e f l e c t o r s  a n d  t h e  d i s t a n c e s  b e t w e e n  t h e  f o c u s e d  
r e f l e c t o r s ,  w i l l  b e  d i s c u s s e d  as a s a m p l e  d e s i g n .  
Table 1 
Design  Parameters 
2.5m 
3.6m ;; 3.6m 
2.9m 
6.0m 
Dl 
D4 
D5 
I n  t h i s  c a s e ,  f l = d ,  01=62=1, €3-1 , and 3c =0.124m. 
F i r s t ,  t h e  beam d i a m e t e r  on t h e  s u b - r e f l e c t o r , @ 5 ,  and  t h e  
d i m e n s i o n s  o f  t h e  f eed  horn ,  D o  and Ro, were  e s t a b l i s h e d ,  and t h e  
r e s u l t s  f r o m  d e t e r m i n i n g  t h e  s p i l l o v e r  l o s s  A P  a n d  
c 0
0 
- ... -14- 
N 
Ln 
8 , I  I I 
c r o s s p o l a r i z a t i o n  component C f o r  
t h e  e n t i r e  s y s t e m  by f l u c t u a t i n g  
t h e  d i a m e t e r  o f  t h e  beam on  t h e  
t h i r d  f o c u s e d  r e f l e c t o r ,  b 3 ,  a r e  
s h o w n  i n  F i g u r e  5. Acc,c!rding t o  
B 5  o,l:Ntaf111(8&~5). ~ k . + * - * ~ a R ~  
acK t h i s ,  6 3  c a n  b e  d e t e r m i n e d  b y  
e i t h e r  o f  t h e  a b o v e - m e n t i o n e d  
Fig .5 -Re la t ion  between W, and cross p o l a r i n t i o n  
component, spillover loss. 
c r i t e r i a ,  ( I )  o r  (11). 
A l s o ,  F i g u r e  6 i s  t h e  r e s u l t  of d e t e r m i n i n g  3 t h r o u g h  t h e  
d e s i g n  c r i t e r i o n  (11) f rom F i g u r e  
5 and t h e n  d e r i v i n g  t h e  s p i l l o v e r  
loss, u s i n g  c35 as a p a r a m e t e r .  
By t h e s e  s t e p s ,  t h e  v a l u e s  f o r b 3  
a n d  6 ~ 5 ~  n a m e l y  t h e  s h a p e  o f  t h e  
s e c o n d  a n d  t h i r d  f o c u s e d  
r e f l e c t o r s ,  c a n  b e  u n e r r i n g l y  
17 
d e t e r m i n e d  a c c o r d i n g  t o  t h e  d i m e n s i o n s  o f  t h e  f e e d  h o r n .  
C o n s e q u e n t l y ,  i t  t h e n  b e c o m e s  p o s s i b l e  t o  d e t e r m i n e  t h e  
p a r a m e t e r s  which w i l l  o p t i m i z e  t h e  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  
based  on t h e  m e c h a n i c a l  l i m i t a t i o n s  o f  t h e  d i m e n s i o n s  o f  t h e  f e e d  
h o r n .  
-50 
v 
- 3 5  
The v a l u e s  f o r  d ' o / d o  a n d  A P ( d B ) ,  w h i c h  w e r e  o b t a i n e d  b y  
d e s i g n  c r i t e r i a  ( I )  a n d  (11), b y  
u s i n g  t h e  o p e n i n g  a n g l e  o f  t h e  
f e e d  h o r n ,  2 d o 9  a n d  f l u c t u a t i n g  
t h e  t h e  l e n g t h  o f  t h e  h o r n ,  R o y  
a r e  s h o w n  i n  F i g u r e s  7 a n d  8. 
- T h r o u g h  t h e s e  s o r t  o f  s t e p s ,  t h e  
m e c h a n i s m  f o r  f l u c t u a t i n g  t h e  
c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  
become  a p p a r e n t  a n d  t h e  v a l u e s  
293 - 13.55' 
5\ v 
' 
2 9 0  - IO' 
2 -  
b e t w e e n  when t h e  s p i l l o v e r  l o s s  i s  m i n i m i z e d  a n d  when t h e  
f r e q u e n c y  c h a r a c t e r i s t i c s  a r e  o p t i m i z e d ,  b u t  t h i s  i s  a c c i d e n t a l .  
T h i s  i s  b e c a u s e  s p i l l o v e r  l o s s  c a n  b e  c h a n g e d  b y  c h a n g i n g  t h e  
d i a m e t e r s  o f  e a c h  o f  t h e  focused  r e f l e c t o r s  w i t h o u t  c h a n g i n g  t h e  
f r e q u e n c y  c h a r a c t e r i s t i c s  o r  t h e  c r o s s p o l a r i z a t i o n  
c h a r a c t e r i s t i c s .  
1 6 2 8  
S i m i l a r l y ,  t h e r e  i s  no  c o ' r r e l a t i o n  b e t w e e n  w h e n  t h e  
18 
6 7 .  8 9 10 I 1  . I ? .  
m - 0.2-  E n. 
Y) 
,.l 0 - 
> 0
! i i O . I .  
- - - n
0 '  
c r o s s p o l a r i z a t i o n  c o m p o n e n t  i s  
minimized and when t h e  f r e q u e n c y  
c h a r a c t e r i s t i c s  a r e  o p t i m i z e d .  
T h i s  i s  b e c a u s e  t h e  v a l u e s  f o r  
d o ,  as w e l l  as f o r  Ro a n d  do ,  c a n  
2 9 0  - 13.35' s p i l l o v e r  l o s s  o r  t h e  
P '-.--'i_ c r o s s p o l a r i z a t i o n  c o m p o n e n t  a t  
~ VOy a l l ,  i n  w h i c h  c a s e ,  o n l y  t h e  A 
A 
' 
&)Ill) 
( 0 )  Fceawncy chorocterlstlcs be  c h a n g e d  w i t h o u t  c h a n g i n g  t h e  
I f  t h e  a n t i c i p a t e d  
criterion 11). (C1-31dB). p e r f o r m a n c e  i s  n o t  r e a l i z e d  by 
t h e  a b o v e - m e n t i o n e d  means ,  t h e  t h e  a b o v e - m e n t i o n e d  s t e p s  a re  
MR9i 
Fig.8- Frequency characteristics and spillover 
loss (C - -  31 dB) obtained by design 
r e p e a t e d ,  a l t e r i n g  t h e  r e s t r i c t i o n s  on  t h e  p a r a m e t e r s  w h i c h  
d e t e r m i n e  t h e  e x t e r i o r  s h a p e  o f  t h e  s y s t e m .  F o r  exampj,e ,  i t  i s  
d e s i r a b l e  t o  r e d u c e  t h e  s i z e  o f t h e  f o c u s e d  r e f l e c t o r s  as much as 
p o s s i b l e  f r o m  t h e  p o i n t  t h a t  i t  w i l l  m i n i a t u r i z e  t h e  beam 
w a v e g u i d e  f e e d  s y s t e m  and  make i t  more  l i g h t w e i g h t ,  b u t  when 
s p i l l o v e r  l o s s  becomes a problem,  s p i l l o v e r  l o s s  c a n  be reduced  
b y  a l t e r i n g  t h i s  r e s t r i c t i o n  and  e n l a r g i n g  t h e  r e f l e c t o r s ,  
w i t h o u t  chang ing  any  of  t h e  o t h e r  c h a r a c t e r i s t i c s .  
Through beam mode development  [ 3 ]  abou t  t h e  d e s i g n e d  s y s t e m ,  
t h e  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  c a n  b e  c a l c u l a t e d  u p  t o  h i g h  
beam modes and  t h e s e  r e s u l t s  c a n ' b e  c o m p a r e d  t o  t h e  r e s u l t s  o f  
t 
Item 
C r o s s p o l a r i z a t i o n  Cmpnt C 
t h e  d e s i g n  u s e d  o n l y  w i t h  d o m i n a n t  beam mode. C a l c u l a t i o n s  i n  
Design System Beam Mode Dev1D.- 
-31 dB -31 - 3  dB 
t h i s  ca se  were made on  a case  i n  w h i c h  t h e  v a l u e s  f o r  d e s i g n  
c r i t e r i o n  (11) w e r e  2d0=13.35"  and  R 0 = 7 m .  T h o s e  r e s u l t s  a r e  
shown i n  T a b l e  2 .  
S p i l l o v e r  
l o s s  ( a d d t n .  
i n t e g r a t i o n )  
I 
Table 2 
P r e c i s i o n  o f  Des ign  System 
r e f l e c t o r  # I  0.017 dB 0.080 dB 
#2 0.034 dB 0.109 dB 
#3 0.136 dB 0.148 dB 
#4 0.164 dB 0.148 dB 
#5 0.170 dB 0.186 dB 
11 
11 
11 
11 
4. Conclusion /629 
The d e s i g n  p a r a m e t e r s  and t h e i r  r e l a t i o n  t o  one a n o t h e r  f o r  
f o u r - r e f l e c t o r  beam waveguide feed  s y s t e m s  were c l a r i f i e d  i n  t h e  
a b o v e .  ( I )  The m i n i m i z a t i o n  o f  c r o s s p o l a r i z a t i o n  c o m p o n e n t  
t h r o u g h  t h e  m a i n t e n a n c e  o f  s p i l l o v e r  l o s s  w i t h i n  . a l l o w a b l e  
v a l u e s ,  and (11) t h e  m i n i m i z a t i o n  o f  s p i l l o v e r  l o s s  t h r o u g h  t h e  
m a i n t e n a n c e  of  c r o s s p o l a r i z a t i o n  component a t  below a n  a l l o w a b l e  
v a l u e  were a l s o  s h o w n  as d e s i g n  c r i t e r i a  by  c o n s i d e r i n g  t h e  
d e m a n d s  r e q u i r e d  b y  t h e  s y s t e m  c o n c e r n i n g  s p i l l o v e r  l o s s ,  
c r o s s p o l a r i z a t i o n  component,  and f r e q u e n c y  c h a r a c t e r i s t i c s ,  and 
i t  w a s  shown t h a t  t h e  o t h e r  d e s i g n  p a r a m e t e r s  c o u l d  b e  o b t a i n e d  
w h e n  t h e s e  c r i t e r i a  w e r e  i m p l e m e n t e d  a n d  t h e  c o n t r o l l e , d  
m e c h a n i c a l  c o n d i t i o n s ,  i . e .  t h e  s i z e s  o f  e a c h  o f  t h e  f o c u s e d  
r e f l e c t o r s  and t h e  d i s t a n c e s  be tween  t h e  f o c u s e d  r e f l e c t o r s ,  were 
p rov ided .  The f a c t s  t h a t  t h e  v a r i a t i o n  o f  t h e  wave p l a n e  f rom a 
f l a t  p l a n e  i s  small  and  t h a t  t h e  p r i m a r y  beam mode i s  t h e  
20 
dominant mode are preconditions for this design method [ 3 ] ,  b u t  
these conditions are generally fulfilled in actual beam waveguide 
feed systems. 
Through a method of this type, in addition increased 
understanding of the system and clarification of the influences 
each of the system parameters on the characteased 
understanding of the system and clarification of the influences 
each of the system parameters on the characteristics of the 
system, this method also provides increased efficiency in the 
design of these systems. 
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